Design of custom well
To preform traction force measurements, a polyacrylamide hydrogel of approximately ~70 um thick was covalently attached to our custom well using previously established protocol in our lab {Quinlan, 2011 #29}. In order to be able to obtain clear images, the bottom membrane of the culture wells had to be < 150 um thick. We decided to manufacture the wells out of polydimethylsiloxane (PDMS) as it is relatively inexpensive, optically clear, and non-cytotoxic when fully cured. The molds of the PDMS wells were created out of polycarbonate sheets (TAP plastics, Seattle, Washington). A metal spacer was used to create the thickness of the membrane so that the entire well and well bottom surface could be cast at the same time, ensuring the bottom membrane was perfectly taunt allowing better strain transfer. See Supplementary Figure 2 for well dimensions.
Supplementary Figure S2
: Dimensioned drawing created in Solidworks of a polydimethylsiloxane well with attached polyacrylamide gel. The design was optimized to allow for maximal region of homogenous strain in the well's center. Using this design, we are able to get a larger central homogenous region when compared to current commercially available wells. All units are in mm.
Strain field verification-finite element analysis
Finite element models were created of our wells to allow for analysis to determine design parameters which enable a maximally uniform strain field. A model of our custom well was created in Solidworks (Dassault Systems, Waltham, MA). The CAD models were then imported into ANSYS Workbench (ANSYS, Canonsburg, PA). All analyses were conducted in the same manner with identical settings. Meshes were created with 0.00075 m element size, medium relevance center, medium smoothing and medium span angle center, with all other settings set to default. Thermal strain effects were turned off and large deformations were turned on. The analysis was done with the program-controlled stepping turned off and the number of sub-steps set to 6, allowing for the same time spacing between displacement results for each well. Once the wells were analyzed, ImageJ was used to measure the useable area of the well defined as the central region of uniform strain. When the wall and membrane thickness were optimized, the uniform area measured 70 mm 2 .
Strain field verification-high density mapping
To measure the strain fields in the wells, a 50:50 mixture of silicon carbide microparticles (Silicon carbide 400 grinding compound, Alfa Aesar, Ward Hill, MA) and reflective paint (Scotchlite Reflective Ink 8017, 3M, St. Paul, MN) was applied to the cell culture surface in three of representative wells to produce a unique light intensity distribution across the well. Videos of the wells were recorded across multiple stretch cycles at 5% and 10% uniaxial nominal strain and 1Hz stretch rate and captured using a Fastec Hispec4 camera at 1696x1730 pixels and 60 frames per second. Videos were collected such that data spanned at least five cycles. Regional displacement fields of the center of the well were computed using our previously published High Density Mapping (HDM) technique{Tao, 2013 #927}. Strain fields were computed from displacement fields by computing local displacement gradients followed by Green's strain in MATLAB. Assuming steady state, strain fields were averaged across several stretch cycles.
Validation experiments with additional cell type
Traction force with long term cyclic stretch To confirm our results of a decrease in cell traction force with uniaxial stretch, U2OS cells (generously provided by Dr. Roland Kaunas) were cultured and tested under identical conditions. U2OS cells were seeded onto stiff (7.5 kPa) polyacrylamide gel which had been attached to custom PDMS well. Cells were seeded at low density (3,000 cells/cm 2 ) and allowed to attach to gel overnight. Cells were stretched for 24 hours, uniaxially at 1 Hertz in 10% CO 2 . Results are shown in Supplemental Green is actin cytoskeleton and blue is nuclei. (g) Cell area was trended towards being larger for static controls than stretched cells although it was not significant. h) Shape factor was unaffected by stretch. (i) Elongation was unaffected by stretch (j). Cell traction force was significantly lower in stretched cells verses controls.
Reorientation on soft substrates with uniaxial stretch
To determine if soft substrates alter cell reorientation, GFP labelled U2OS cells cultured on 0.6 kPa substrates were subjected to 10% uniaxial stretch. PDMS substrates without polyacrylamide gels attached were used as the stiff substrate comparison group and cells on 0.6 kPa static gels were used as a control. After 12 hours of stretch, cells were fixed with 4% paraformaldehyde and stained for actin (Alexafluor 488 Phallodin) and nuclei (Hoescht). ImageJ was used to obtain cell area and orientation measurements. In agreement with our studies on VICs, U2OS reoriented perpendicular to stretch. The average angle of reorientation after stretch was not statically different between stiff and soft stretched substrates (p<0.05). See Supplemental Figure 4 . Figure S4 : U2OS are capable of reorientation on soft substrates with dynamic stretch. (a) % of cell population verses angle of orientation plot for U2OS cells cultured statically on a 0.6 kPa substrate, U2OS cells that had undergone 12 hrs cyclic 10% uniaxial stretch on a 0.6 kPa substrate and U2OS cells that had undergone 12 hrs cyclic 10% uniaxial stretch on a 1 MPa PDMS cell culture well (b) Cell area comparisons between groups. Statistical significance was found in cell area between 0.6 kPa PA gel static culture and 0.6 kPa PA gel culture with stretch, as well as 0.6 kPa PA static culture and 1 MPa PDMS culture with stretch, p<0.05. No statistical difference in cell area was found between 0.6 kPa PA gels culture with stretch and 1 MPa PDMS culture with stretch (ANOVA on ranks). (c)Representative image of U2OS cells on a 0.6 kPa PA, static culture. (d) Representative image of cells on a 0.6 kPa PA, stretch (e) representative image of cells on a 1 Mpa PDMS well. Green=actin, blue= nuclei, sb= 50 μm.
Supplemental

Alternating stretch effects reorientation
To ascertain how cells integrate stretch signals over time, GFP labelled U2OS cells were subjected to one of three patterns of stretch: 10% uniaxial stretch, 10% equibiaxial stretch, or alternating uniaxial stretch (10% uniaxial x-direction stretch, followed by 10% uniaxial y-direction of stretch). Statically cultured U2OS cells were used as a control. After 12 hours of stretch, cells were fixed with 4% paraformaldehyde and stained for actin (Alexafluor 488 Phallodin) and nuclei (Hoescht). ImageJ was used to obtain cell area and orientation measurements. In agreement with our studies of VICs, statically cultured cells had a random orientation. Uniaxially stretched U2OS reoriented perpendicular to stretch, with more than 90% of cells falling within 10 degrees of vertical. No reorientation was observed in cells that were stretched equibiaxially or alternating uniaxially, although distinct morphological differences were observed. The actin cytoskeleton of equibiaxially stretched groups appeared less robust than other groups, possibly indicating a depolymerization of stress fibers as they were stretched above their maximum tension (see Supplemental Figure 5 ). The cytoskeleton of alternatingly uniaxial stretched groups appeared diamond in shape with peaks at approximately 45 degrees from the directions of stretch. This finding may indicate that the stress fibers in the direction of either of the stretch directions depolymerized and those at angles of lower stretch were reinforced. To our knowledge this is the first time that the effects of alternating axis stretch have been investigated. Figure S5 : U2OS cells reorient most strongly in response to uniaxial stretch. U2OS cells were stretched for 12 hours at either 10% 1 Hz uniaxial stretch, 10% equibiaxial stretch, or 10% alternating uniaxial stretch in which the direction of uniaxial stretch was alternated every cycle. Representative strain waveforms for x and y directions of device are illustrated in a) static b) uniaxial c) equibiaxial and d) alternating directions (x then y) of uniaxial stretch. Representative images of each stretch condition are shown for (d) static (e) unaxially (f) equibiaxial or (g) alternating stretch cells. Green is actin cytoskelteon, blue is nuclei. Scale bar = 50 um. (h) Orientation response of U2OS cells with respect to stretch waveform are represented with a 0-90 histogram. Uniaxial stretch was in the 0-180 direction; Uniaxial stretch most strongly encouraged U2OS cells to reorient.
Supplemental Figure S5: Supplemental
Raw Data Scatterplots
Individual cells were not tracked with stretch over time and numerical values reported in table 1 of the manuscript represent population averages. Actual raw data values from control and stretched cells are shown in scatterplots below. Figure S6 -scatterplots of traction force values for static control cells and stretched cells showing distributions of raw data. For cells under high pre-stress conditions (cultured on the 7.5 kPa substrate and stretched biaxially, uniaxially, or stretched uniaxially in the presence of TGF-β1 )average traction force decreased with stretch. The opposite was true for cells cultured in low pre-stress conditions. Cells that were treated with Blebbistatin or on the 0.6 kPa substrate increased average traction force with stretch Supplemental Figure S7 -scatterplots of maximum substrate stress values for static control cells and stretched cells showing distributions of raw data. For cells under high pre-stress conditions (cultured on the 7.5 kPa substrate and stretched biaxially, uniaxially, or stretched uniaxially in the presence of TGF-β1) average maximum substrate stress decreased with stretch. The opposite was true for cells cultured in low pre-stress conditions. Cells that were treated with Blebbistatin or on the 0.6 kPa substrate increased average maximum substrate stress with stretch.
Supplemental
Supplemental Figure S8 -scatterplots of contractile moment for static control cells and stretched cells showing distributions of raw data. For cells under high pre-stress conditions (cultured on the 7.5 kPa substrate and stretched biaxially, uniaxially, or stretched uniaxially in the presence of TGF-β1) contractile moment followed traction force and decreased significantly in all groups. The opposite was true for cells cultured in low pre-stress conditions. Cells that were treated with Blebbistatin or on the 0.6 kPa substrate increased contractile moment with stretch. A negative contractile moment indicates a cell that is pulling inwards, while a positive contractile moment indicates a cell is pushing outward. 
